This paper presents the course of the pollen season of selected allergenic taxa (Secale spp., Rumex spp., Plantago spp., Urtica spp., Artemisia spp., Chenopodiaceae and Poaceae) in Szczecin (2009) and Gudowo (Western Pomerania, Poland) (2009)(2010), and also the flowering pattern of Chenopodium album, Artemisia vulgaris and Secale spp. Pollen deposition was studied by the gravimetric method using a Durham sampler. In 2010 the flowering period of the studied taxa was shorter than in 2009 and its onset was observed later; the maximum values of daily pollen deposition were lower. Pollen grains of most of the taxa studied appeared in the atmosphere of the city earlier than in the rural area, but in the rural area significantly higher values of daily deposition were recorded. The effect of weather conditions on pollen fall in Szczecin in 2009 was analysed. Statistically significant positive correlations with pollen deposition were found only with maximum, minimum, and mean air temperature, dew point and maximum wind speed, while a negative correlation was found with precipitation and -only for Rumex pollen grains -with air humidity and pressure.
INTRODUCTION
The contribution of different pollen-producing plant species to the vegetation of a region, the number of flowers and inflorescences, along with anther productivity, the effects of weather conditions and abiotic factors all determine the pollen count in the air and thus its potentially allergenic effect (M y s z k o w s k a et al. 2010). Analysis of phenological phenomena is important also for the preparation of a regional pollen calendar predicting the periods of increased pollen count, which is important in pollinosis prevention (W er y s z k o -C h m i e l e w s k a et al. 2007 ). Allergy to pollen is a systemic disease estimated to occur in 10-15% of human population. Among pollen of herbaceous plants, allergens of grass pollen are most often responsible for the symptoms of pollinosis (R a p i e jk o , 1997, L e u s c h n e r et al. 2000) . In the majority of pollinosis sufferers, the symptoms of the disease appear at a concentration of over 50 grass pollen grains in 1 m³ of air. Poaceae pollen reaches very high daily values (R a p i e j k o and L i p i e c , 2005; L i p i e c et al. 2006; P u c , 2011) , and grass has a long blooming period -from May to October (C h ł o p e k et al. 2007 ). Mugwort, which produces flowers in late summer, is also important for allergology, since its pollen reaches very high values, often 400-500 grains in 1 m³ of air. In 80% of sufferers, the disease symptoms occur at the mean daily pollen count of 40-60 grains per 1 m³ of air. Persons allergic to mugwort pollen can develop two clinical syndromes referred to as the mugwort -celeryspice syndrome and the mugwort -mustard syndrome (R a p i e j k o and W e r y s z k o -C h m i e l e w s k a , 1999; R a p i e j k o and L i p i e c , 2006). The pollens from plantain, sorrel, nettle and goosefoot rarely produce allergy symptoms, but they become important for sufferers of advanced pollinosis (M y s z k o ws k a et al. 2007 ; R a p i e j k o , 1997; W e r y s z k o --C h m i e l e w s k a and P i o t r o w s k a , 2004).
In Poland there are about 200 grass species. They form many communities, such as steppes, savannahs, meadows, which occupy nearly ¼ of the area of land covered with vegetation. A single flower of rye produces 57,000 pollen grains and 1 m² of rye produces over 1.5 billion grains (S z w e y k o w s c y , 1995; R a p i e j k o , 1997 . absinthium, A. abrotanum, A. dracunculus, A. campestris, A. pontica, and A. maritima (S z w e y k o w s c y , 1993; R a p i e j k o and W er y s z k o -C h m i e l e w s k a , 1999).
Pollen fall is most often determined by the gravimetric method, which is not only simple and inexpensive but, first of all, highly sensitive to local changes in this parameter. Besides the Durham pollen trap (D u r h a m , 1946), Tauber traps are also used. This method is commonly used in Europe within the Pollen Monitoring Programme, which is an international project for the measurement of deposition of pollen grains of taxa important from the point of view of paleoecological studies in regions with different types of vegetation and climate (P i d e k et al. 2009). Gravimetric measurements allow the detection of large numbers of redeposited pollen grains, especially those of Poaceae. Results obtained by the gravimetric method are more dependent on weather conditions, in particular precipitation, than those obtained by the volumetric method (P i o t r o w s k a and W e r y s z k o -C h m i e l e ws k a , 2003). Results obtained by these two methods concerning the length and dynamics of pollen seasons, trends towards an increase or decrease in the pollen count and periods of high pollen count in the atmosphere are comparable (O ' R o u r k e , 1990; P i ot r o w s k a and W e r y s z k o -C h m i e l e w s k a , 2003). Measurements performed using the gravimetric method have been made by, e.g., Z a w i s z a et al. (1993) in Warsaw, P i o t r o w s k a and W e r y s zk o -C h m i e l e w s k a (2003) in Lublin, P i d e k (2006) in Roztocze, L e v e t i n (2000) in the USA, and K o t o et al. (1998) in Japan.
The aim of this study was to analyse the flowering and pollen release of Chenopodium, Artemisia and Secale in relation to the pollen count of these plants in the air in Gudowo in the years -2010 and in Szczecin in 2009 . The influence of weather factors on airborne pollen counts for herbaceous plants and the threats to pollinosis sufferers related to pollen allergens (pollen calendars) were also studied. In the pollen trap, microscopic slides were changed every second day. The pollen deposit was analysed under a light microscope at a magnification of 480×. The results are expressed as the number of pollen grains deposited on an area of 1 cm 2 of the catching surface in a time unit. The pollen season (PS) in particular years was counted as the period from which the sum of daily mean pollen concentrations reaches 1% of the total sum until the time when the sum reaches 99%, i.e. the time with 98% of the total pollen count (98% method) (E mb e r l i n et al. 1993).
MATERIALS AND METHODS
The weather data for Szczecin in 2009 were obtained from the automatic meteorological station Vaisala (Helsinki, Finland). The parameters used for the evaluation of the effect of weather conditions on the pollen count were as follows: mean, minimum and maximum air temperature, relative air humidity, precipitation and wind speed. Statistical analysis was made using Spearman's correlation rank coefficient for p<0.05 and the program Statistica StatSoft, Inc. (2008) .
RESULTS
In 2010 the flowering period of the taxa studied started later and was shorter than that in 2009. The flowering period of rye and goosefoot was shorter by 4 days and that of mugwort was shorter by 10 days (Fig. 1 ). Notable differences were observed in the dates of successive phenophases and their duration; in particular phenophase F 3 was much shorter, as it lasted from the full bloom date to first wilting. Total pollen deposition from these taxa was a few times lower than in 2009: for Secale -by 3.7x, Chenopodiaceae -5.3x, and Artemisia -by 6.1x.
The rye pollen count in the air increased with the development of inflorescences, while the Artemisia pollen count increased after the mass bloom stage and after the inflorescences had reached the greatest size. Single grains of the pollen of Artemisia, Chenopodiaceae and Secale were in the air for a few weeks after inflorescence wilting. According to the measurements of the height of the plants studied in these two consecutive years, the individuals of Artemisia vulgaris and Chenopodium album in 2010 were smaller than in 2009. The probable reason was drought and high temperatures in 2010 during the growing season. Clear differences in the duration of the particular phenophases of the species studied were observed between 2009 and 2010. In 2010 Secale cereale started to shed pollen much earlier than in 2009. The peak pollen shed period of rye coincided with the period of the highest concentrations, and the amounts of pollen recorded during different phenophases varied in each year ( Fig. 1 a, b) . However, the highest amount of Artemisia and Chenopodiaceae pollen was found after the end of the peak pollen release period (F5) (Fig. 1 , Table 1 ).
Pollen grains of the majority of taxa studied appeared in the city earlier by two weeks than in the rural area, only pollen grains from Urtica and Chenopodiaceae were observed earlier by about a month in the air of Gudowo village (Fig. 2) . Also in Gudowo daily pollen deposition for all the taxa studied was much higher. The maximum daily deposition for Poaceae pollen in both seasons was twice higher in the country. The difference was interpreted as a result of a greater contribution of grass to the vegetation of Gudowo and the location of the sampling instrument near meadows and grasslands (Table 1 ). The majority of the taxa studied began flowering earlier in the city, but the mean pollen count in the air was higher in the country. The differences in the flowering pattern of rye, goosefoot and mugwort in the 2009 and 2010 seasons were most probably related to different weather conditions and a different character of the sites at which the phenological observations were made.
Pollen calendars present patterns in pollen seasons for each allergenic taxon from the selected group of plants. In the pollen calendars for Gudowo and Szczecin, the longest pollen seasons were observed for grasses and the percentage of grass pollen in the annual sum of pollen from the taxa analysed was the highest -over 60%. In Gudowo in 2010 rye pollen remained in the air longer than in 2009 and its deposition was lower. The calendars for Szczecin and Gudowo recorded long pollen seasons and low pollen deposition for sorrel and plantain. Mugwort and goosefoot pollen grains were the latest to appear in the air and their proportion in the total pollen count was the lowest. In 2010 daily pollen deposition for herbaceous plants was lower and the maximum monthly counts were recorded in later months than in 2009 (Fig. 2) .
As to the effect of weather elements, statistically significant positive correlations were found between the pollen count and maximum, minimum and mean air temperatures, dew point and maximum wind speed, while statistically significant negative correlations were found between the pollen count and precipitation, and only for Rumex pollen -in relation to air humidity and atmospheric pressure (Table 2) . Differences in the pollen count of these plants depend on the height above the ground at which sampling instruments are mounted. For instance, pollen traps installed at 15-25 metres above the ground level allow mean results for a large area to be obtained but give underestimated data for the pollen of small plants, since at this height their representation in the air is lower (L i p i e c et al. 2007). Also, in our study a much lower pollen count from herbaceous plants was recorded in Szczecin where the Durham pollen trap was at 21 metres above the ground than in Gudowo where the pollen trap was at 1.5 metre above the ground. Comparing airborne pollen counts in a city and in a rural area, K a s p r z y k (2006) showed that the mean pollen count of Poaceae, Plantago, Rumex and Urtica was higher in the rural area. A similar result was obtained in our observations when comparing pollen deposition of the taxa studied in 2009 in Szczecin and in Gudowo. In Szczecin and Gudowo the maximum monthly deposition of Poaceae pollen was in June.
The pollen season of sorrel is long; in Szczecin and Gudowo it lasted for about 3 months, but the pollen deposition of this species was low. At both sampling sites, the maximum daily pollen deposition did not exceed a few grains per cm ). In both seasons studied, individual grains of Artemisia, Chenopodiaceae and Secale pollen were noted for a few weeks after their flowering had stopped. The pollen season is generally longer than the flowering period, since we take into account all airborne grains, also those originating from secondary deposition and long-distance transport. R a nt a et al. (2006) proved that phenological observations are not sufficient to determine the timing of the main pollen season because long-distance transport of pollen may greatly affect the timing of the local pollen season of studied taxa. The pollen of the studied taxa remains in the air in notable concentrations at the end of the pollination period and even after its end. Moreover, pollen shed timing depends on the type of habitat in which these individuals occur (K a s p r z y k , 2010).
The influence of weather elements on the dynamics of bioaerosol particles has been studied by testing the correlations between the daily values of meteorological parameters and the sporomorph count in the air On the basis of a comparative analysis of the atmosphere in urban and rural areas, K a s p r z y k (2006) showed that it depends on vegetation cover, weather, climate, and geographical conditions. The results obtained for Szczecin and Gudowo gave similar conclusions. The composition of pollen grains and pollen fall of herbaceous plants was found to depend on the urban or rural character of the area, type of local vegetation, weather, and the location of the pollen trap. An earlier occurrence of airborne pollen in Szczecin is explained by the presence of urban heat islands. The city's microclimate is characterised by a low level of relative air humidity, specific winds, increased content of aerosols, and higher frequency of fogs. Higher temperatures in the city can result in the extension of the growing season (K a s p r z y k , 2006). The earlier appearance of pollen in the air in the city is related to the formation of urban heat islands. The city affects plant phenology by reducing daily temperature fluctuations and increased minimum temperature (M i m e t et al. 2009).
CONCLUSIONS
1. Among the taxa studied, the family Poaceae is characterised by the longest pollen release period, while the family Artemisia by the shortest one. Grasses have the highest percentage contribution of pollen grains to the total airborne pollen count, reaching over 60%.
2. The pollen seasons of individual taxa differed at the two study sites and in the two years of the study. Their beginning and duration depended on the location of the sampling site in the city and in the country as well as on habitat and weather conditions. 3. The pollen seasons of the majority of herbaceous plants studied occur from May to July, except for Chenopodiaceae and Artemisia whose pollen seasons come in August. 4. The majority of the taxa studied began flowering earlier in the city, although the mean airborne pollen count was higher in the rural area. The differences in the flowering pattern of rye, goosefoot, and mugwort in the years 2009 and 2010 are probably related to different weather conditions during these two seasons and biogeographic conditions at the sites of observation. 5. Most often, pollen deposition was positively correlated with maximum, minimum and mean air temperatures, dew point, and maximum wind speed, while negatively with precipitation. Fenologia kwitnienia i pylenia wybranych roślin zielnych w Szczecinie i Gudowie (Pomorze Zachodnie) a ryzyko alergii pyłkowej S t r e s z c z e n i e Praca przedstawia przebieg sezonu pyłkowego wybranych roślin zielnych (Secale spp., Rumex spp., Plantago spp., Urtica spp., Artemisia spp., Chenopodiaceae i Poaceae) oraz przebieg kwitnienia Chenopodium album L., Artemisia vulgaris L. i Secale spp. Badania opadu pyłkowego prowadzono metodą grawime-
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